2. Introduction

In this project, it is to design a new ball flinger or pitching machine for cricket practice to develop reactions and techniques and test a low cost non-powered system to propel the balls automatically at different suitable adjustable speeds and rotation for the cricket practice. Ball pitching devices have been used in sport practice for many years to develop techniques and reactions. Typically balls are propelled from a device using motors, discs, pneumatics, and spring system stored the force devices and speed spin that can be set by the operator. The followings show all the background information or design criteria to develop a professional cricket-pitching machine.

Background information

[image: image1.png]Seam causes
turbulent flow

Side Force

e

Separation Point

Larminar Flow

Separation Point

Side Force

Boundary Layer



2.1 History of the world’s no. 1 cricket-pitching /cricket-bowling machine

Figure 1: Bola cricket-bowling machine

From the research, the original concept of the cricket-pitching machine was called BOLA machine, which club cricketer Michael Stuart invented in 1985. It can be provided accurate and consistent batting practice for cricketers all standard. It is a first class cricket practice facility available to all cricketers at an affordable price, which have recognised a very tangible and enjoyable way to improve batting performance.

The new BOLA is the latest in a line of ground breaking Bowling machines. Since the successful launch of the first BOLA in 1985 which was purchased by Surrey Country Cricket Club and shortly afterward the England Test Side, Stuart & Williams the BOLA manufacturers have pursed their policy of continuous improvement and development of the original design. The results are there to be seen in the 1988 BOLA. Many elements remain from the original machine which together with new innovations and improvements make the BOLA even better than before.

Firstly, the BOLA machine can be attacked at up to 95 mph, improving against the subtleties of first class spin bowling or just hitting off stump half volleys for six the BOLA to provide all of these for as long as you want to practice. The BOLA microprocessor allows to select exactly the speed and adjusts up or down in increments of just 1 mph.
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Secondly, the BOLA can swing the ball both ways and has push button to vary the amount of swing. Push the left-hand button to move the ball to the left-away swing to a right hander or push the right hand button to move the ball to the right for in swing to right-hander. It is simple to use and quick to adjust.

Figure 2: Left or right Spin

Thirdly, the BOLA is also capable of high-class spin bowling which is a great test for any batsman. By simply angling the delivery head of the machine and using the extreme settings on the left or right spin/swing control buttons, which a ball will turn prodigiously to simulate off spin and leg spin. Excellent for practicing foot movement and strengthening the all too common weaknesses against spin bowling.

Moreover, it can be acted as a good effective coach. The BOLA is the most effective of tools for batting practice and improvement. All batsmen from the most adhesive opener to the free hitting tail ender will have the opportunity to improve without the limitations of infinitely variable net bowling.

Furthermore, the accuracy and reliability of the BOLA is greatly enhanced by the use of a custom-programmed microprocessor, which controls the speed and swing/spin functions of the machine. The microprocessor was first used on a production BOLA in 1994 and has proved extremely reliable and user friendly. For 1998, the control panel has a new look. The old rotary switches have been replaced by a touch pad panel with built in micro-switches for adjustment of speed and swing/spin. The micro-switches are more reliable and completely abuse proof. The new panel gives all the visual information to make fast and positive adjustments. It was spent less time adjusting and more time practicing. The microprocessor programme has also been enhanced to give the user finer adjustment of awing and spin than ever before. The new BOLA control panel gives the user easy to interpret information-confirming speed and swing or spin settings. The LCD display gives accurate ball speed in miles per hour. There is one further LCD digit to indicate (1 to 9) how much swing or spin is being imparted to the ball. Two Tri-color LED’s, one for each side, change color to further confirm straight, swing and spin setting. The panel circuitry also incorporates a current interruption trip, which turns the machine off in case of a power cut.

The ball throwing wheels in the new BOLA is a solid concave section urethane tyre bonded to a cast aluminum wheel. The profile of the wheel is a critical element in the ultimate accuracy of the machine. The new wheel is further refined to give the best accuracy through all speed ranges. The hard wearing urethane wheels, which have shown no appreciable wear in testing, should retain their performance characteristics over five years. The use of normal cricket balls will not harm the wheels in any although best results are obtained using BOLA practice balls for consistent accurate deliveries.

In addition to the large ball joint for major alternations to setting, the BOLA is unique in having ‘vernier adjustment’ for line and length. This allows the operator to positively adjust the line and the length with the simple turn of a screw. Combining this with the adjustment of speed one-mph at a time enables to bowl a quicker or slower ball on the same spot. It also saves valuable time spent setting up and maximising the batting time in those all too short indoors net sessions.

The new BOLA is designed and manufactured in such a way that in the unlikely event of on site repairs being necessary, it can be quickly dismantled for fitting or replacement parts which are easily obtained from factory. Today’s BOLA can expect good long-term reliability and great value for money wherever in the world. All the latest improvements will further enhanced the life expectancy of the BOLA machine and ensure it remains the first choice for the professional coaching organisations.

Finally, another innovation is the development and launch of a brand new Automatic Feeder. The ball capacity has been increased to 28 balls and the feeder is now available with a remote control on/off switch. An automatic feeder is an ideal way of making the coach’s job easier. It is possible to observe batting technique from any position and make much more educated assessment of technical weaknesses and how to correct them. The new feeder helps to further maximise practice sessions and ensures that minimum of deliveries go to waste. The increased capacity gives longer more concentrated batting sessions for individual practice. The new remote control switch allows the coach or batsman to interrupt the sequence whenever required for that essential coaching tip or just for a well-earned rest. It is simple to set up and use very effective.

2.2 Design Specification

The design should be considered the normal and reverse swing that will affect the pitching machine to propel the cricket in the proper way.

2.2.1 Normal Swing
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The leading part of the ball is covered by a film of fast moving air, called the boundary layer. About halfway round the ball, the boundary layer separates from the surface. On the non-seam side the boundary layer peels away before the halfway mark. But on the seam side the flow is disrupted by the protuberance of the seam, the boundary layer is tripped into a chaotic turbulence and peels away after the halfway mark. The effect is to make the air pressure on the seam side of the ball lower and this pushes the ball towards the seam side, away from the batsman.
Figure 3: Normal swing

The figure shows the standard out-swinger; for the in-swinging delivery the ball is reversed, with the seam pointing to the leg-side. This delivery requires a different action to the out-swinger, allowing the (good) batsman to recognise the deliveries as they are delivered.

Contrary to intuition and popular belief, the swing is not primarily due to the difference in friction caused by the rough and smooth sides of the ball - although it is this difference that helps generate turbulent flow on one side and laminar flow on the other. For a blunt object like a sphere the main contributor to aerodynamic drag is the point of separation of the boundary layer, and turbulent flow holds the layer on to the surface longer, reducing the pressure on that side of the ball.

{This is the same principal that allows a dimpled golf ball to fly further than a smooth one. In this case the dimples promote turbulent flow which reduces the pressure drop behind the golf-ball, thus reducing drag.} 
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The ideal ball for normal swing is highly polished on one side with a prominent seam delivered at an angle of about 20 degrees to the direction of flight, and with about 11 revs per second spin about an axis perpendicular to the seam

Figure 4: Photo of cricket ball in a wind tunnel experiment
Smoke has been injected into the boundary layer to reveal its structure. Wind is blowing from left to right. (from Mehta and Wood, 1980)

There is no simple linear relationship between the speed of delivery and the amount of sideways movement for conventional swing. Up to a certain limit - dependent of the atmospheric conditions and the condition of the ball - the amount of swing increases with the speed of delivery. As the ball's speed increases past this limit however turbulence will start to develop on the shiny side reducing the net side force. This is why medium pace bowlers can often generate more swing than fast bowlers. If the ball is bowled even faster still, the turbulence may begin before the seam causing reverse swing! (Turbulence is initiated at the back of the ball and moves forward as the speed increases).

2.2.2 Reverse Swing
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With a turbulent boundary layer on both sides of the ball, the effect of the seam is reversed. It now acts as a ramp, pushing the turbulent air away from the ball and causing the boundary layer to peel away sooner. That makes the pressure on that side higher, forcing the ball to swing towards the batsman.

Figure 5: Reverse swing

To get reverse swing with a new ball, smooth on both sides, experiments show that the bowler has to reach 80-90 miles per hour to get appreciable movement. This kind of speed has only ever been achieved consistently by a few bowlers. A scuffed ball however can generate substantial reverse swing at speeds well within the capabilities of any medium-paced bowler.

The ideal ball for reverse swing has one side rough, the other smooth, with a prominent seam in between. The seam should be angled at about 15 degrees to the direction of flight, pointing away from the desired direction of movement. The ball can then be swung both into and away from the batsman depending solely on which side of the ball is delivered at the front – generating either normal or reverse swing. Because the bowler does not need to change either his grip or his action, the batsman will have no clue which way the ball is likely to move.

For reverse swing the amount of sideways movement is related to the speed of delivery, making this a particularly effective delivery for fast bowlers.

2.2.3 Some points of interest

Humidity: Despite being widely observed in practice, there is currently no theoretical, or experimental, evidence for humidity having any affect on the amount of swing. Humid air is less dense than dry air – although the difference is minimal – and so would be expected to induce less swing. Experiments in wind tunnels show no noticeable difference in the amount of swing between dry and humid air, and there is no measurable aerodynamic difference in the state of the ball due to moisture.

Late Swing: There are several possible explanations for late swing – where sideways movement occurs only late in the ball’s flight.

i). It is an illusion. The flight path of a ball with a constant sideways-acting force applied to it is parabolic: the amount of the sideways movement naturally increases along the flight path.

ii). The ball is initially above the transition speed for turbulent flow on the shiny, non-seam side, but drops below this threshold as it decelerates in flight, particularly after bouncing, initiating late swing.

iii). The ball rotates slightly in flight, with the seam becoming angled and thus initiating late swing.

2.3 Cricket Dynamics

2.3.1 Aerodynamics

Any ballistic spinning object in flight is acted upon by forces and moments. These forces and moments include gravitational force, aerodynamic force, and an aerodynamic force, and an aerodynamic moment, which acts to slow the spinning motion.
2.3.2 General Comments

The general equations of motion that model the trajectory are represented by the following vector equations,

(F = dP/dt,


(2-1)

and (MG = dHG/dt,

(2-2)

where, F is the vector of external forces (gravitational and dynamic), P is the linear momentum vector, MG is the vector of external (aerodynamic) moments about the center of mass, G, of the ball and HG is the angular momentum vector referenced to the center of mass of the ball. 

These equations can be expanded to show more qualitatively how the forces, moments and velocities play a role in the trajectory dynamics. First, equation 2-1 is simplified by exploiting the definition of linear momentum. Linear momentum is defined as the product of the mass, m, with the translational velocity of the center of mass, V, and noting that the mass of the ball remains constant when pitched transforms equation 2-1 into,

(F = m dV/dt



(2-3)

This equation is expanded further by noting that the only forces acting on the ball are the gravitational force, FG, and the aerodynamic force, FA. Substituting these forces for the summation in equation 2-3 results in,

FG + FA = m dV/dt


(2-4)

Equation 2-2 also s expanded by exploiting the definition of angular momentum and assuming that the inertia matrix, IG, is diagonal (i.e. the ball is spherical and the mass uniformly distributed) and constant. In this case equation 2-2 can be written as 

(MG = IG d(/dt

In the following sections these forces and moments will be examined in more detail and the final set of equations of motion is presented.

2.3.2 Gravitational Force

The gravitational force FG is calculated by,

FG = mg

Where, g is the gravitational field strength or acceleration due to gravity.

2.3.3 Aerodynamic Forces

The Force is applied to the cricket:

Vf2-Vi2 = 2ad

Speed range is 15<U<30 m/s (i.e. 54<U<108Km/hr)

Force = m x a

Mass of cricket = 150g = 0.15kg

2.4 Drag

The drag, D, is a retarding force characterized in term of a dimensionless number, the drag coefficient, CD. The magnitude of D is a function of (, A, V, (, ( and (. The fluid density of air is (, A is the cross-sectional area of the ball, V is the velocity of the ball, ( is the dynamic viscosity of air, ( is the angular velocity of the ball and ( is the surface roughness. The drag coefficient is a function of the Reynolds number, spin parameter and roughness ratio.

Any ball moving through the air at even moderate speeds experiences a force of resistance known as drag, which is created by the collision of the ball with the air. 
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Drag occurs because the airflow around the ball produces a low-pressure region or “wake” behind the ball. The uneven pressure (high pressure in front, low pressure behind) creates a net backward force that slows the forward motion of the ball.

Figure 6: Airflow around the ball

It has been found that if the surface of the ball is roughened and the ball's speed is high enough, turbulence will be created in the airflow at the surface of the ball, and the size of the wake will be reduced. The effect is to reduce the amount of drag on the ball. 
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It is for this reason that the surface of a golf ball is covered with dimples. It has been found that a dimpled golf ball will travel farther than a smooth one, all else being equal. 

Figure 7: Airflow around dimpled ball
A spinning ball also experiences aerodynamic lift, which acts perpendicular to its trajectory and causes it to curve in flight. In 1852, Gustav Magnus discovered that the airflow around a spinning ball changes the direction of its wake and generates a sideways force on the ball. The direction of the Magnus force depends upon the spin direction - whatever direction the front most point of the ball is turning is the direction of the force. Also, the more spin imparted to the ball, the more it will curve. 
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Figure 8: Magnus force acted on the ball

